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ducer. Frame rates were 96-133.7 fps. Images were taken at a 90° (tangential) and 10-
35° (longitudinal) angle in relation to the torsion axis of the meat. Strain rate obtained by
EchoPac® software was compared between the area of maximum and minimum rotation
on the strip of meat.
Results: A significant difference was observed in strain rate between the maximum and
minimum twist region for both tangential (p = 0.017) and longitudinal (p = 0.026) imaging.
Strain rate between the tangential and longitudinal orientation imaging in the maximum
and minimum twist region had no statistical significance (p = 0.93, p = 0.67).
Conclusions: High frame rate strain rate analysis is sensitive to myocardial twist with rel-
atively little angle sensitivity and has the potential to accurately identify torsion in different
myocardial layers.
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1113-153 Relative Importance of Errors in 2-D Echocardiographic 
Calculation of Left Ventricular Volumes: Insights From 
Live 3-D Echocardiography and Cardiac Magnetic 
Resonance Imaging
Rupa R. Krishnaswamy, Aasha S. Gopal, Rena S. Toole, Florentina Petillo, William 
Schapiro, Nathaniel Reichek, St. Francis Hospital, Roslyn, NY, Stony Brook University, 
SUNY, Stony Brook, NY
Background: Important sources of error that limit accuracy of LV volumes by 2D echo
include assumptions about geometry and image plane orientation, but the relative contri-
bution of each has not been determined. We used 3D echo and cardiac magnetic reso-
nance imaging (CMR) to define and quantify these sources of error.
Methods: LV volumes were calculated in 31 normal subjects using: a) 2D echo summa-
tion of disks (ellipsoid shape assumption) method from two apical views (orthogonal
assumption). b) Biplane images selected from 3D echo (Philips 7500) (ellipsoid shape
assumption) in which the two apical views are known to be orthogonal to each other. c)
Image selection from 3D echo using 8 equally spaced long axis rotational apical slices,
an approximating surface model and manual boundary tracing (Tomtec). d) CMR (1.5T
Siemens) using contiguous, short axis, TrueFISP cine images. Methods c and d are free
of assumptions of image position or LV geometry. Results were compared to CMR using
Pearson's correlation, linear regression, Bland-Altman analyses and ratios of differences
in RMS % error. Results: 
Conclusions: RMS % error values from 2D echo and biplane 3D echo indicate that
approximately 55% of total error is attributable to non-orthogonal image plane position-
ing, 25% to geometric assumptions in the ellipsoid model and 20% to residual boundary
tracing error in 8-plane 3D echo versus CMR. Geometric assumptions may contribute
more error in misshapen LVs, while tracing error magnitude may depend on image qual-
ity.
1113-154 Optimal Echocardiographic Method for Determination of 
Right Ventricular Volumes and Systolic Function
Satheesh Joseph, Aasha S. Gopal, Rupa R. Krishnaswamy, Rena S. Toole, Florentina 
Petillo, William Schapiro, Nathaniel Reichek, St. Francis Hospital, Roslyn, NY, Stony 
Brook University, SUNY, Stony Brook, NY
Background: Several 2-dimensional echocardiographic approaches have been devel-
oped to obtain right ventricular (RV) end-diastolic (EDV) and end-systolic (ESV) volumes.
However, the complex shape of the RV presents challenges for accurate volume determi-
nation. 3-dimensional methods such as live 3D echo are now widely available and may
be more accurate. The objective of this study was to characterize the optimal echocardio-
graphic method for calculating RV size and function as compared to volumetric cardiac
magnetic resonance imaging (CMR). Methods: RV volumes were obtained for 31 normal
subjects (21 men, ages 21-76 yrs, mean 56.7 yrs) using 1) a 2D echo area-length
method, recommended by the American Society of Echocardiography 2) 3D echo (Phil-
ips 7500)using an approximating surface model (TomTec) and 8 rotationally equidistant ,
electronically generated apical slices, and 3) CMR (1.5 T Siemens Sonata) using contig-
uous, short axis, ECG gated, breath-hold, TrueFISP cine images (146 x 256 matrix, 8
mm slice thickness, 31 x 38 cm FOV). Echocardiographic results were compared to CMR
using Pearson’s correlation, linear regression, and Bland-Altman analysis. Results: 
Conclusions: 1) Live 3D echo is markedly superior to conventional 2D algorithms for
estimation of RV volumes. 2) 3D echo underestimation of absolute RV volume can be
regression-corrected, since variability is limited. 3) 3D echo validation in abnormal right
ventricles over a wide range of RV EF and shape is needed to assure clinical utility.
1113-155 Direct Quantification of Left Ventricular Volume by Real-
Time Three-Dimensional Echocardiography: Validation 
by Cardiac Magnetic Resonance Imaging
Enrico G. Caiani, Lissa Sugeng, Cristiana Corsi, Peter MacEneaney, Lynn Weinert, Rick 
Koch, Roberto Battani, Keith A. Collins, Victor Mor-Avi, Roberto M. Lang, University of 
Chicago, Chicago, IL, Politecnico di Milano, Milan, Italy
The evaluation of LV volume from 2D images is limited because it is based on extrapola-
tion of manually or semi-automatically traced endocardial borders using geometric mod-
eling. This methodology is time-consuming, subjective and relatively inaccurate. We
developed a technique for detection of LV cavity from real-time volumetric (RT 3D) data
and direct quantification of LV volume without geometric modeling and validated it
against cardiac MRI. Methods. 25 unselected patients underwent 2D and RT 3D
echocardiography (Philips SONOS 7500, X4 probe) and cardiac MRI (GE, 1.5T FIESTA,
short axis views). Endocardial border was manually traced from the 2D images to obtain
end-systolic (ES) and end-diastolic (ED) volume from apical 2- and 4-chamber views
using the method of discs. Custom software was used to automatically detect the LV cav-
ity from the RT 3D data, following manual endocardial initialization in 4 apical cross-sec-
tions and adjustments in the short axis view. ES and ED volumes were computed directly
from voxel counts. All measurements were performed by 3 independent observers. Lin-
ear regression and Bland Altman analysis were used to compare echo data with MRI
(GE, MASS software). Results. Generating one LV volume from RT 3D required <3 min
including the initialization. RT 3D volumes correlated better with MRI than the 2D vol-
umes with less bias and inter-observer variability (table). Conclusions. Semi-automated
detection of the LV cavity from RT 3D data allows accurate, direct measurement of LV
volumes. 
1113-156 Assessment of Left Ventricular Volumes and Ejection 
Fraction by Live 3-D–Contrast Enhanced 
Echocardiography Comparison With Cine Magnetic 
Resonance Imaging
Agnes A. Pasquet, Bernhard Gerber, David Vancrayenest, Anne Marie D'Hondt, Jean-
Louis Vanoverschelde, Cliniques Univeristaires Saint Luc, Brussels, Belgium
Background: Magnetic resonance imaging (MRI) is recognized as a reference technique
to calculate left ventricular (LV) volumes and ejection fraction (EF). Recently introduced,
live tridimensional echocardiography (3D) can be used with echo contrast agent to
2D 
EDV
Bi-Plane 
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Plane 
3D ESV
3D ESV 2D 
EF
Bi-
Plane 
3D EF
3D EF
r 0.50 0.96 0.98 0.41 0.82 0.90 0.22 0.45 0.69
SEE (ml) 19.6 6.7 4.4 9.3 6.6 5.6 6.8 5.4 3.9
p 0.02 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.2 0.01 <0.0001
RMS % Error 34.1% 15.4% 7.0% 54.9% 31.6% 12.7% 73.5
%
16.5% 9.4%
Bias (ml) -30.6 -14.0 0.8 -23.7 -13.5 -1.2 9.7 6.7 0.8
Width of 
Limits of 
Agreement
88.6 27.9 17.9 56.6 35.0 28.2 34.5 27.1 21.1
r SEE 
(ml)
Regression 
Equation
p Bias 
(ml)
Lower 
Limits
(ml)
Upper 
Limits
(ml)
2D RV 
EDV
0.51 29.0 y = 0.5 x + 52 0.004 -14 -78 49
3D RV 
EDV
0.84 16.2 y = 0.7 x + 8.5 <0.0001 -27 -62 8
2D RV 
ESV
0.44 12.1 y = 0.2 x + 32 0.045 -24 -67 18
3D RV 
ESV
0.83 11.0 y = 0.7 x + 7.2 <0.0001 -14.7 -39.6 10.2
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assess LV function. We sought to compare MRI and 3D echo with contrast enhancement.
Methods:24 patients (20M, 62±11 y) underwent both MRI and 3D echo on consecutive
days. 3D echo was performed using a commercial system (Sonos 7500, Philips, The
Netherlands ) using a matrix probe technology. Images were acquired during intravenous
injection of PESDA with a mechanical index of 0.6-0.8. and were post processed using a
dedicated software (4D cardioview, Tomtec, Germany). This allows to drawn manually
endocardial border on several planes and to reconstruct LV volumes. MRI was performed
using a 1.5T (Philips Intera CV, The Netherlands) system. Ten serial short axis images
were obtained in 20 cine phase using a balanced fast field echo VCG gated sequence.
Analysis of MRI images was performed semi automatically with dedicated software. End
diastolic volume (EDV), end systolic volume (ESV) and EF were calculated and com-
pared for both techniques using paired t test and linear regression. 
Results: Mean EDV was 142±66 ml by MRI and 155±70 ml by 3D (r=0.96, p<0.001),
mean ESV was 92±66ml by MRI and 109±71 ml by 3D (r=0.97, p<0.001), EF was 40±17
% by MRI and 34±20 % by 3D (r=0.87, p<0.005).
Conclusion: 3D echo with contrast enhancement is as accurate as MRI to assess LV
function. 
1113-157 Real-Time Three-Dimensional Echocardiography for 
Assessment of Left Ventricular Function in Children: A 
Validation Study Compared With Magnetic Resonance 
Imaging
Stephanie Munns, Liping Bu, Honghai Zhang, Michelle Disterhoft, Michael Dixon, Alan 
Stolpen, Milan Sonka, Larry Mahoney, Shuping Ge, University of Iowa Hospitals and 
Clinics, Iowa City, IA
Objective: This study investigates the utility of RT 3-DE for evaluation of LV function in
children as compared to MRI that served as a reference standard. Materials and Meth-
ods: Twenty healthy children (6~18 years, mean 10.6 ± 2.8, 11 M and 9 F) were enrolled
in this study. RT 3-DE was performed using a Philips Sonos 7500 system to acquire up to
840×930 (Full Volume Mode) conical gray scale 3-D image data sets. All data sets were
acquired from apical windows with ECG triggering (mean acquisition time = 8 seconds)
and then postprocessed offline using a dedicated workstation (TomTec). The LV endocar-
dial and epicardial borders were traced manually from 8 long axis slices to derive end-
systolic volume (LVESV), end-diastolic volume (LVEDV) and ejection fraction (LVEF). LV
mass was also calculated (LV Mass= LV Volume *1.05). MRI studies were performed on
a GE Signa CV/ iLX scanner using a breath-hold 2D cine tFIESTA sequence and the LV
endocardial and epicardial borders were traced manually on contiguous 8 mm thick.
Results: Nineteen of the twenty recruited patients met the study criteria (one with an
accidental finding of ASD was excluded). The LVESV, LVEDV, LVEF and LV mass mea-
sured by RT 3-DE were well correlated with MRI judged by linear correlation and Bland
and Altman analyses (Table). Conclusions: RT 3-DE and MRI yield similar measure-
ments of LVESV, LVEDV, LVEF and LV mass. The new RT 3-DE technology provides a
useful clinical tool for rapid and accurate assessment of LV volumes, mass and systolic
function in real time.
1113-158 Utility of Real Time Three-Dimensional 
Echocardiography for Fetal Heart Examination
Liping Bu, Michelle Disterhoft, Vickie D Pyevich, Jerome Yankowitz, Asha Rijhsinghani, 
Shuping Ge, University of Iowa Hospitals and Clinics, Iowa City, IA
RT 3-DE is a new modality capable of acquiring an 840×930 conical real-time 3-D data
sets in only 8 seconds, therefore, has the potential to facilitate the fetal cardiac examina-
tion and training. Material and Methods: Fourteen pregnant woman aged from 16 to 35
years (28.07±5.27 years) at 19 2/7 to 28 1/7 weeks of gestation (23.12±3.06 weeks)
underwent routine fetal 2-D echocardiography (2-DE) and RT 3-DE examinations. A com-
plete 2-DE study was performed by an experienced sonographer using a S8 or S4 trans-
ducer and a Philips Sonos 7500 system. After 2-DE examination, RT 3-DE was
performed by an investigator using a Χ4 Matrix array transducer and a Philips Sonos
7500 system. RT 3-DE datasets were acquired using the full volume mode with ECG trig-
gering (8 seconds/data set). Offline, the images were postprocessed using a regular
computer work station (TomTec). The RT 3-DE data sets were viewed by cropping and
rolling from different directions and angles to obtain essential 2-DE views. Results: The
essential 2-D views including 4-chamber, long axis, short axis, LOVT/ROVT and aortic/
ductal arch can be obtained from RT 3-DE raw data sets. The examination time for rou-
tine 2-DE and the successful rate of obtaining essential 2-D views from RT 3-DE was
shown in Table1. Conclusion: RT 3-DE provides a more efficient acquisition and pro-
cessing strategy than 2-D fetal echocardiography and should improve the efficiency of
fetal cardiac evaluations and future training of fetal sonographers. 
1113-159 Left Ventricular Modification by Myocor Myosplint in 
Patients With Dilated Cardiomyopathy: A Three-Month 
Follow-Up Study With Real-Time 3-D and 2-D Echo
Jian Xin Qin, Takahiro Shiota, Joon Han Shin, Giuseppe Saracino, Kiyotaka Fukam, 
Michael K. Banbury, James B. Young, Patrick M. McCarthy, James D. Thomas, Cleveland 
Clinic Foundation, Cleveland, OH
This study assessed left ventricular (LV) modification with real-time 3D echo (RT3DE) in
patients with dilated cardiomyopathy (DCM) following implantation of a novel device, the
Myocor® Myosplint® (Myocor Inc, Maple Grove, MN).
Methods: 11 DCM patients (9 males) with a mean age of 50 ± 15 years were studied. 4
received the Myosplint temporarily (acute study), immediately prior to heart transplanta-
tion and 7 underwent permanent Myosplint implantation with concomitant mitral valve
repair (chronic study). Shape change was achieved by placing 3 equally spaced Myos-
plint devices perpendicular to the LV long axis with an estimated 20% reduction in wall
stress. RT3DE and 2D echo were performed before and after surgery.
Results: The bi-lobular shape of the LV was shown in all patients by RT3DE after sur-
gery. In the acute study, a 23% reduction in LV end-diastolic (EDV) and end-systolic vol-
ume (ESV) was demonstrated by RT3DE immediately after implantation. In the chronic
study, all patients had 3-month follow-up except 1 who expired due to a severe infection.
LV volumes were significantly reduced at 1-month and maintained at 3-month. LV ejec-
tion fraction remained similar, however, the net forward stroke volume (net SV) signifi-
cantly increased after surgery (Figure). 
Conclusion: This study demonstrated that the Myocor Myosplint is able to reduce the LV
volume and prevent progressive LV dilation in a short term. Overall, the concept and the
device may prove to be a useful adjunct in the management of end-stage DCM patients.
1113-160 Mechanical Asynchrony Is an Important Component of 
Left Ventricular Dysfunction in Patients With Narrow 
QRS Complex: An Assessment by Real-Time 
Transthoracic 3-D Echo
Stam Kapetanakis, Ian L. Williams, Michael Cooklin, Mark Kearney, Mark John 
Monaghan, Kings College Hospital, London, United Kingdom
Background: Myocardial asynchrony is recognised in left ventricular dysfunction, even in
the absence of bundle branch block. Quantification of mechanical asynchrony may be
important for accurate functional assessment of the LV. Real-time transthoracic 3D echo
(RT3DE) can provide a quick and accurate measure of LV asynchrony.
Table. Correlation and agreement between RT 3-DE and MRI measurements of 
LV volume, mass and EF
LVEDV LVESV LVEF LV Mass
Linear 
correlation
y=0.86x+7.34
r = 0.97;
p < 0.001
y=0.92x+1.52
r = 0.97;
p < 0.001
y=0.63x+0.22
r=0.86;
p<0.001
y=0.80x+17.2
r = 0.96;
p <0.001
Bland-Altman
(Mean Diff ± 
SD)
-6.83 ± 9.66(ml) -1.84 ± 3.29(ml) -0.45 ± 2.17(%) 1.52 ± 9.98(g)
Table 1. Examination time and essential views by 2-DE and RT 3-DE
Routine 2-DE RT 3-DE 
Time(mins) 30~45 10~15
4-Chamber views (%) 100 (14/14) 100 (14/14)
Long axis views (%) 100 (14/14) 100 (14/14)
Short axis views (%) 100 (13/14) 92.8 (13/14))
LVOT and RVOT views (%) 92.8 (13/14) 85.7 (12/14)
Aortic/Ductal arch views (%) 78.6 (11/14) 71.4 (10/14)
